The Natural Forest Conservation Program (NFCP) in 1998 and the Grain for Green Program (GfGP) in 1999 were launched by the Chinese government to mitigate the degraded vegetation condition of China. In this study, we applied MODIS time series data to analyze the impacts land cover change as a result of vegetation conservation programs on vegetation dynamics in the Chinese Loess Plateau from 2001 through 2009. We applied the seasonal Mann-Kendall trend test to the Normalized Difference Vegetation Index (NDVI) time series calculated based on the Nadir BRDF-Adjusted Reflectance data at 500 m (MCD43A4). In addition, to identify the changes at multiple scales, we also applied the seasonal Mann-Kendall trend test to the global Albedo product and NDVI calculated based on the Nadir BRDF-Adjusted Reflectance data at 0.05 deg CMG (MCD43C3 and MCD43C4). To understand the effect of grazing changes in grasslands we selected data from three separate Landsat tiles and two different years and calculated both NDVI and the Enhanced Vegetation Index (EVI). We show that the observed changes are the most widespread when observed with NDVI data at 0.05
Introduction
The Loess Plateau in China is suffering the world's most serious soil erosion, losing 2000-2500 t km −2 annually (Hu et al., 2006; Shi and Shao, 2000) . Some even estimate the annual soil erosion to reach as high as 5000-10,000 t km −2 (Fu and Chen, 2000) . The Loess Plateau is located in Northern China in the southern part of the drylands East Asia (DEA). The Loess Plateau completely overlaps Ningxia Hui Autonomous Region and Shanxi Province. In addition, large areas of Shaanxi and Gansu Provinces are also part of the Loess Plateau. The severe environmental problems in the Loess Plateau are the result of degraded vegetation conditions due to intensified agriculture and expansion of built-up areas (Zhou et al., 2009) .
Starting in 1978 with the Three North's Shelterbelt Program and intensifying in 1998 and 1999 with the Natural Forest Conservation Program and the Grain for Green Program, the Loess Plateau was subjected to several large governmental conservation programs. The Chinese government has spent tremendous efforts to halt desertification and soil erosion, and improve environmental quality. These three conservation programs, further described below, mainly aim to increase forest and grassland cover in favor of croplands and barren lands. However, while increases in vegetation as a result of afforestation programs have been reported, some argue that the large-scale forest conservation programs cause significant damage to the fragile ecosystems in arid and semi-arid areas (Cao et al., 2010a; 2010b) . Many studies investigating the GfGP indicate that the program is not effective and missed the program's objective (Cao et al., 2009b; Chen et al., 2007) . They indicate that the trees that are planted are the wrong species (Chen et al., 2007; Xu et al., 2004a) and that tree survival is very low (Xu et al., 2004a) . One study using GIMMS NDVI data between 1982 and 2003 concluded that there has been no greening of Northern China . In addition, some report that the conservation programs were not efficient in suppressing dust .
Nevertheless, many other studies using satellite images have revealed significant vegetation increases in the Loess Plateau during the past twenty to thirty years (Song and Ma, 2007; Xin et al., 2008; Yang et al., 2002) . For example, Yang et al. (2002) , using the Advanced Very High Resolution Radiometer (AVHRR) Pathfinder Normalized Difference Vegetation Index (NDVI) data, detected a significant increase in vegetation cover in the northern and western part of the Loess Plateau from 1982 through 1999, with an average annual increase up to 3.8%. Song and Ma (2007) employed 1 km SPOT VEGETATION NDVI to estimate the vegetation trend across five northwestern provinces of China between 1998 and 2004, and they only observed significant vegetation increase in the Loess Plateau. The observed vegetation increase has been attributed to a variety of potential causes such as afforestation (Yang et al., 2002) , increased precipitation during the growing season (Sun et al., 2001 ) and significant temperature increases (since 1980) (Xin et al., 2008) .
In this study we apply a multi-resolution change analysis based on the popular vegetation indices NDVI and EVI and less commonly used broadband albedo data. We will first provide an overview of the general trends in NDVI and albedo that are found within the Loess Plateau at a spatial resolution of 0.05
• (or ∼ 5.6 km). We will then step down and evaluate NDVI trends at 500 m resolution. In the last step we will evaluate changes in NDVI and EVI for specific target regions based on Landsat TM/ETM+ data. The ultimate goal is to determine if, where, and in what way large governmental conservation programs are responsible for the observed increase in vegetation. Since humans have such an extraordinary impact on the land surface of the Loess Plateau we will use anthropogenic biomes (anthromes) to filter our change results. Anthromes represent the global ecological patterns created by sustained direct human interactions with ecosystems (Ellis et al., 2010; Ellis and Ramankutty, 2008) .
Conservation Programs
Three large conservation programs have been implemented in the Loess Plateau: 1) the Three Norths Forest Shelterbelt Program (TNFSP); 2) the Natural Forest Conservation Program (NFCP); and 3) the Grain for Green Program (GfGP). These programs are also described in more detail in Mátyás et al. (2012) and Becker (2012) . The main goal of the TNFSP was to diminish desertification and dust storms by increasing forest cover by 5%-15% in arid and semi-arid areas in China. Efficient afforestation practices for TNFSP began in 1978 and the program is supposed to run until 2050. The key goal of TNFSP was to increase vegetation cover in sandy regions by artificial planting .
NFCP was created to restore natural forests in ecologically sensitive areas, plant forests for soil and water protection, increase timber production in plantation forests and protect existing natural forests (Liu et al., 2008; Zhang et al., 2000) . Implementation of NFCP was planned to consist of multiple stages. The short-term goals (1998) (1999) (2000) were to reduce timber production in natural forests (Liu et al., 2008) and offer reeducation and training for laid-off foresters to get different jobs (Zhang et al., 2000) . The medium-term goals were to increase timber production from planation forests (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (Liu et al., 2008) . The final goal of NFCP (2011 NFCP ( -2050 is to develop the planation forests as the major source of timber supply for domestic demand (Liu et al., 2008 , Zhang et al., 2000 . NFCP targeted so called the first and second priority areas, with the entire Loess Plateau being part of the first priority area, except for Shanxi province that was part of the second priority area. In the year 2000 alone nearly half a million ha. of cropland were converted to forests (Zhang et al., 2000) and by 2005, NFCP had closed mountains or created forests in almost 11 million ha. (Liu et al., 2008) .
In 1999, the Loess Plateau became a target area of a third conservation program, which is indicated as one of the world's largest conservation programs, GfGP program or Sloping Land Conversion Program (Xu et al., 2004b) . GfGP is managed by the Chinese Bureau of Forestry and had two major goals. The first goal was to reduce soil erosion by converting agriculture on steep slopes ( 15
• in Northwestern China and 25
• elsewhere) (Uchida et al., 2005) to permanent vegetation such as forests and grassland (Hu et al., 2006) . The second goal of the program was to change croplands to grazing land or to perennial forage crops (Brown et al., 2009 ). Gansu and Shaanxi Provinces were included among the three provinces to initiate the program in 1999. Other regions were incorporated by the end of 2002. The ultimate goal was to increase vegetative cover by 32 million ha. by 2010 (Liu et al., 2008) , 14.7 million was supposed to come from converted cropland and the remainder from afforestation of barren lands. According to the Chinese State Forestry Administration, more than eight million ha. of croplands and almost 12 million ha. of barren lands were converted to forests between 1999 and 2008. Both NFCP and GfGP include grazing bans (Cao et al., 2009a; 2010b) .
Study Region

Loess Plateau
China's Loess Plateau is about 626,287 km 2 large and is bounded by the Yanshan Mountains in the north and the Qinling Mountains in the south (Fig. 13.1 ). Ningxia Hui Autonomous Region and Shanxi Province fall entirely within the Loess Plateau and large areas of Shaanxi and Gansu Provinces are also part of the Loess Plateau. There are several major cities located on the Loess Plateau: Baotou and Taiyuan in the north, Xi'an in the south and Yinchuan and Lanzhou in the southwest. The total population of the Loess Plateau is approximately 50 million people (Jiang, 1997) .
The annual precipitation in the Loess Plateau ranges between 200 mm in the North and 650 mm in the South and varies greatly by season, with higher amounts in the summer than in the winter. The average temperature varies from 
20
• C in summer to −5
• C in winter. There is a north-south climate gradient in the Loess Plateau. The southern part of the Loess Plateau is mainly covered by forests and croplands while grasslands and barren lands dominate the land cover in the north.
Subset for Fine Scale Analysis
A subset of the Loess Plateau was investigated in more detail with fine-scale analysis to further understand the effect of changes in grazing patterns ( Fig. 13.2 ). This subset consists of nine counties administered by the districts of Yan'an and Yulin, in northern Shaanxi Province. The region covers an area of about 28,000 km 2 with an average elevation of 1100 m. The study area lies in the agropastoral transitional zone of China. The land use in this region is characterized by semi-arid pastoral in the north (Qi et al., 2012) and temperate agriculture in the south (Li and Ren, 2011) . 
Data
MODIS Data
In this study we used the Nadir BRDF-Adjusted Reflectance (NBAR) data at 500 m and 0.05
• spatial resolution (MCD43A4 and MCD43C4, respectively).
Both products consist of 16-day composites. The MODIS NBAR product is created with the use of a bidirectional reflectance distribution function that models reflectance to a nadir view (Lucht et al., 2000) . We downloaded all available images between January, 2001 and December, 2009. We used NBAR data to calculate NDVI (Tucker, 1979) and EVI (Huete et al., 2002; 1994) as proxies of vegetation condition. NDVI and EVI calculations are shown in Equations (13.1) and (13.2)
Besides the NBAR reflectance product, we use the MODIS albedo product (MCD 43C3) at 0.05
• spatial resolution. We used the broadband white sky albedo for three broad bands (0.3-0.7 µm, 0.7-5.0 µm, and 0.3-5.0 µm). Land surface albedo is an important parameter in climate simulation models and is important in understanding the feedback mechanisms between the radiation balance and its influence on vegetation dynamics . Increases in vegetation density typically result in reduced albedo, due to the strong absorption of photosynthetically active radiation (Bounoua et al., 2000) . Thus, albedo values are typically lower for multilayer canopies such as forests and higher for grasslands and croplands . However, despite the fact that land surface albedo is influenced significantly by vegetation cover, it is not simply a variation of NDVI . Few studies have been conducted to determine the changes in albedo over time .
The last MODIS product we used in this study is the MODIS Land Cover product from the year 2000 at 500 m resolution. We used the data from year 2000 to correspond to the last year that the Anthromes dataset (Section 13.4.4) was available.
Landsat Data
We downloaded six Landsat TM/ETM+ images from the USGS Global Visualization Viewer (GLOVIS) portal (http://glovis.usgs.gov/). We select two images for each path/row (127/33, 127/34, 127/35, Fig. 13 .2) and to avoid bias caused by phenological variation in the comparison of NDVI and EVI between years. We chose anniversary Landsat TM/ETM+ images. The available anniversary Landsat TM/ETM+ images covering the 9 counties which are part of the fine scale analysis are shown in Table 13 .1. Note that for each path/row the earliest image was acquired by the ETM+ sensor while the latest image came from the TM sensor. The Landsat TM/ETM+ scenes were Level 1T data that had been systematically corrected for radiometric and geometric errors and topographical effects (Landsat Product Type Descriptions, U.S. Geological Survey). However, Landsat Level 1T data still suffer from atmospheric contamination. In order to retrieve surface reflectance using Landsat data, we further atmospherically corrected the Level 1T data using Fast Line-of-Sight Atmospheric Analysis of Spectral Hypercubes (FLAASH) available in ENVI 4.8. FLAASH is a firstprinciples atmospheric correction tool that corrects wavelengths in the visible through near-infrared and shortwave infrared regions and incorporates the MOD-TRAN4 radiation transfer code. We calculated NDVI and EVI as described in Equations (13.1) and (13.2) above.
Grazing Statistics
We employed the total number of livestock (including: Horse, Cattle, Donkey, Mule, and Goat) documented by official statistical yearbooks of Yan'an and Yulin as an indicator of grazing intensity. The official statistical year books of Yan'an and Yulin were archived in the Database of Statistics in Socio-Economic Development of China, which is available at http://tongji.cnki.net/kns55/Navi/NaviDefault.aspx. Based on statistical data availability, we investigated the change in the total number of livestock in Yulin and Yan'an from 1999 to 2006 (excluding 2003 for Yan'an), respectively. The counties were further divided into two groups; those with a significant increase and decrease in the total number of livestock across the study years.
Anthromes
Humans are directly interacting with ecosystems surrounding them, making a profound impact on how the ecosystems are altered. In this study we use the anthromes dataset as described in Ellis and Ramankutty (2008) . Anthromes are defined as human biomes and describe the terrestrial biosphere in its contemporary form. Estimated population density plays an important role in the delineation of the anthromes. We downloaded the dataset from Anthromes v.2.0 from http://ecotope.org/anthromes/v2/data/ and used the data for the year 2000 which was the latest year that the Anthrome data was available. Figure  13 .3 gives the anthromes for the Loess Plateau. The spatial resolution of the data is 0.083
• lat/lon. Table 13 .2 provides the six largest anthromes in the Loess Plateau, which are the anthromes that we incorporated in this study. These six anthromes combined cover 86% of the total study region. There are no other anthromes available that cover more than 10% of the study area. • lat/lon. See table 13.2 for the definitions of the major anthromes belonging to the legend.
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We used the MODIS IGBP classification to determine the dominant land cover classes (i.e., grasslands, croplands, and barren lands) within each anthrome ( Fig. 13.4) . Grasslands (class 10) are the largest class in the rainfed villages, and the residential and populated rangelands. Cropland is the largest land cover class in both the residential rainfed croplands, and irrigated villages. Barren land is the largest land cover class in the remote rangelands (94.2%) and the second largest for populated rangelands (37.2%). The percentage of barren in the rangelands is negatively related with population decrease; we found 8.6% barren in the residential rangelands but 37.2% barren in the populated rangelands and 94.2% barren in the remote rangelands. • data by anthromes and the changes in the 500 m data by anthrome and land cover class.
Results and Discussion
Vegetation Index and Albedo Changes
More than half of the Loess Plateau reveals a significant change (p < 0.01) and the majority of the pixels that reveal change show an increase in NDVI and EVI. NDVI reveals a positive change in 59.4% (372,015 km 2 ) of the Loess Plateau and EVI reveals a positive change in 55.6% (348,216 km 2 ) of the Loess Plateau ( Fig. 13.5 ). Only 1% of the pixels reveal a negative change. Table 13 .3 shows that the percentage of pixels with significant changes in NDVI and EVI varies widely by anthromes.
More than two thirds of the pixels in rainfed villages (72.9%) and residential rainfed croplands (68.1%) reveal significant increases in NDVI and EVI as opposed to only 28.1% of the pixels in irrigated villages and 19.6% of the pixels in remote rangelands. It appears that irrigated areas and areas with low population density do not show as much change as the rainfed croplands and more populated rangelands. The change in the rangelands reveals an increase with population density. The most changes can be found (50% in NDVI) in the residential rangelands, followed by 32% of the pixels changing in the populated rangelands and just 19.6% in the remote rangelands. The EVI reveals similar changes although slightly fewer pixels changed significantly. • albedo and vegetation index data.
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With vegetation increase, NDVI and EVI are increasing and albedo is decreasing ( Fig. 13.5 ). The broad band albedo time series reveal a similar discrepancy of changes between rainfed villages and irrigated villages and remote rangelands for near-infrared (NIR) and shortwave infrared (Table 13 .4). However, in general fewer pixels reveal significant changes for the broad band albedo time series than for the vegetation indices, e.g., in rainfed villages just 53.4% for the NIR albedo change as opposed to 72.9% for the NDVI in rainfed villages (Table 13 .4).
The order is different for the visible broadband albedo data. For the remote rangelands, we found a significant decline in the visible albedo (46.9%). The visible light albedo is the only dataset in which we found a significant change in a large part of that anthrome. All other data, NIR and shortwave albedo as well as NDVI and EVI, reveal change in less than 20% of the pixels in the remote rangelands. 
500 m NDVI Changes
The 500 m NDVI data reveal a significant (p < 0.01) positive change for 304,179 km 2 or 48.7% of the Loess Plateau ( Fig. 13.6 ). Increasing the spatial resolution from 0.05
• (or ∼ 5.6 km) to 500 m led to the decline of significant changes for 67,836 km 2 , which corresponds with a decline of 22% in the total area with significant positive change. We found a similar difference in changes between the two spatial resolutions in a previous study in Russia and Kazakhstan (de Beurs et al., 2009 ). However, in that study we found that some changes that were visible with the 500 m data disappeared in the 0.05
• analyses. Changes at the coarser resolution are likely the result of aggregated patches of significant changes detectable only at finer resolutions. It is important to note that the rescaling of change results is not straightforward due to 1) high spatial heterogeneity at the finer scale, 2) the nonlinearity of vegetation indices, and 3) the thresholding effect of specific significance levels. Furthermore, the coarser scale of the MODIS CMG (0.05
• or 5.6 km) is relevant to atmospheric boundary layer processes and, indeed, is at the effective resolution limit of current regional climate and mesoscale meteorological models. The finer scale analysis typically reveals changes that are more relevant to human decision-making and regional economics (de Beurs et al., 2009 ). The dual scale of the trend analysis enables a partitioning of change attribution that would be very difficult at a single scale.
Interesting patterns became visible when we analyzed the positive NDVI changes found in the 500 m time series by land cover class within anthromes (Table 13 .5). We focused only on the positive vegetation changes since the majority of the changing pixels revealed a NDVI increase. We found that, between 40% and 49% of the mixed forests are changing within the rainfed villages (#32), residential rangelands (#41) and residential rainfed croplands (#23). However, just 12.9% of the mixed forests in the populated rangelands are changing. A similar pattern can be deciphered for the closed shrublands where just 14.5% of the closed shrublands reveal a significant change in the populated rangelands, while for the other anthromes at least 30% of the closed shrublands are changing. Changes in the open shrublands are mainly found in the rainfed villages (77%) and the residential rainfed croplands (79.9%). Only about 22% of the open shrublands in the rangelands (#41 and #42) are changing. Both rainfed villages and populated rangelands consist of approximately 45% grasslands. However, 58.6% of the grasslands are changing within the rainfed villages, while only 31% of the grasslands are changing within the populated rangelands. The residential rangelands reveal that 48% of the grasslands are changing. The most change in the grasslands is found in the residential rainfed croplands, with a little over 62% of the grasslands changing. Most croplands can be found in the irrigated villages (58.4%), but these croplands reveal the least change (11%). Most changes in the croplands can be found in the rainfed villages (69.7%). We find that the changes in NDVI are highly dependent upon the type of anthrome and its population density. For example, irrigated croplands are likely more profitable than rainfed croplands. We find many more significant changes in rainfed croplands and villages than in their irrigated counterparts. We believe that this is the effect of large-scale conservation programs which target the less productive croplands and change them into forests and grasslands that have no fallow periods and hence reveal increased vegetation indices. In addition, the more populated the rangelands, the more significant vegetation changes we find. We also believe that this is the result of large-scale conservation programs that target barren lands for conversion to grasslands and forests. A certain population density is required to effectively change barren lands into forest because it takes manual labor to make the conversion happen. We believe that it is less likely that the observed changes are a result of large-scale weather effects because the effect of the weather would result in a more homogenous increase in vegetation indices.
Grazing Intensity Change
To understand the effect of grazing intensity changes we investigated in detail four counties in the greater district of Yan'an, Shannxi Province of China. These four counties saw a decline in grazing pressure from between 22 and 72 animals per km 2 to less than 10 animals per km 2 ( Fig. 13.7a ). We also investigated five counties in the greater district of Yulin, Shannxi Province of China, that reveal an increase in grazing pressure from between 43 and 66 animals per km 2 to between 83 and 166 animals per km 2 ( Fig. 13.7b ). Figure 13 .8a shows the MODIS land cover classification for the counties in the district of Yan'an, which is the district that revealed grazing declines. There is a relatively large amount of forests in these four counties. The corresponding NDVI image based on Landsat data confirms the forest land cover as an area with much higher NDVI. In Figure 13 .8c the area with significant change as found in the 500 m MODIS time series is overlaid. The changes in the 500 m MODIS NDVI data appear to be limited to the agricultural and rangeland areas while the forested areas remain stable and do not reveal a significant NDVI change. Figure 13 .9a reveals that the land cover of the area with increased grazing consists mainly of shrublands and grasslands. The 500 m MODIS data reveals an increase in NDVI for the entire region (Fig. 13.6 ). Figure 13 .9b, reveals the difference image based on the Landsat images from August 2002 and August 2007. Landsat EVI data revealed a similar change (not shown). While the MODIS NDVI time series revealed ongoing NDVI increase, the Landsat based difference image revealed a decline in NDVI in the majority of the four counties in Yulin. To understand this discrepancy we plotted both the MODIS NDVI values for the two MODIS composites overlapping August and the Landsat NDVI values from one county (Hengshan) in Fig. 13.10b . In addition we plotted the amount of precipitation in July in Fig. 13 .10c (the Landsat imagery is from the first week of August). Figure 13 .10c reveals that July 2002 was wetter than July 2007. Thus we conclude that the NDVI decrease as observed with the Landsat imagery is most likely a result of a high amount of precipitation in July 2002 that increased the vegetation in that year and subsequently led to an apparent vegetation decline in July 2007, and not a result of grazing changes. This example illustrates the power of image time series analysis as opposed to discrete change analysis as done with the Landsat imagery. Livestock density is generally high in Western China resulting in increasing cover of less palatable and poisonous plant species (Harris, 2010) . Karnieli et al. (2012) used Landsat data and showed that EVI is higher for grazed areas in Mongolia than for ungrazed areas as a result of the different vegetation structure of these less palatable plants (Karnieli et al., 2012) . Both GfGP and NFCP support enclosure of degraded grasslands from livestock grazing. However, when looking over a time period we find an increase in both NDVI and EVI both in the areas with increased grazing pressure (Yulin) and the areas with decreased grazing pressure (Yan'an). The EVI and NDVI increase was generally more widespread in the shrub and grass dominated regions of Yulin and localized to just grasslands and shrublands in Yan'an. Unfortunately, the Landsat image analysis could not improve our understanding because the anniversary date imagery came from two years with drastically different precipitation regimes (Fig. 13.10 ).
Conclusions
This chapter evaluated NDVI, EVI, and broad-band albedo changes at 0.05
• resolution by anthrome. In addition, we evaluate NDVI changes at a spatial resolution 100 times finer, 500 m. We find that the observed changes are highly dependent on the type of anthrome and population density. Irrigated villages reveal far fewer significant changes than other anthromes and the most populated rangelands reveal the most change. This work extends previous work by others who only incorporated NDVI data at coarse spatial resolution (1 km, 8 km) (Song and Ma, 2007; Yang et al., 2002) .
We show that the observed changes are the most widespread when observed with NDVI data at 0.05
• resolution and the least widespread when observed with albedo data. While NDVI is most sensitive to vegetation changes, climate simulation models that typically use albedo data will not reveal as much change. The higher spatial resolution of 500 m allows for a more accurate division of change by land cover type within anthromes. These data reveal that the croplands are changing in rainfed villages (69%) while the croplands in irrigated villages remain stable (just 11% reveal change). The conversion of rainfed croplands to permanent vegetation such as forests and grasslands would result in increased NDVI values since permanent vegetation does not have fallow periods. Thus, this change appears consistent with the effect of GfGP. Grazing analyses are more complicated for these areas. Both the counties with increased grazing and the counties with decreased grazing reveal an increase in 500 m NDVI data.
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